Diet quality indices reflect overall dietary patterns better than single nutrients or food groups. The study aims were to develop a measure of adherence with dietary guidelines applicable to child and adolescent populations in Australia and determine the association between index scores and food and nutrient intake, socio-demographic characteristics, and measures of adiposity.
Introduction
Dietary guidelines are the translation of nutrition science into public health advice. The aim of dietary guidelines are to promote population-level dietary patterns that minimize the risk of nutritional deficiency and chronic disease (1) . For children and adolescents, dietary guidelines encourage intake of particular types of foods in an appropriate amount to support growth, meet the body's nutritional needs, and minimize the risk of acute and chronic diet-related disease. Tools are needed that enable public health professionals to consider the dietary guidelines as a package of recommendations when assessing population nutrition (2) . Such tools would enable the following: monitoring of population intakes against the dietary guidelines; evaluation of public health nutrition interventions; a better understanding of the processes that drive health inequalities through exploring how adherence to dietary guidelines varies by factors such as age, gender, socio-economic position, and family circumstance; and validation of dietary guidelines in terms of promoting eating patterns that are associated with health outcomes.
Over the last decade, a number of indices that measure adherence to dietary guidelines have been developed, predominantly for application in adult populations and for the North American context (3, 4) . Although dietary guidelines globally show a high degree of similarity (i.e. promoting a diet high in wholegrain cereals, fruit, and vegetables and low in foods high in saturated fat, added sugars, and salt), it is useful to have tools applicable to country-specific dietary guidelines that reflect variation in ethnicity, cultural norms, and the food supply. Australian researchers have developed a few indices of diet quality for use in adult populations. For example, the Dietary Guideline Index (DGI) 7 includes 15 items that reflect the 2003 Dietary Guidelines for Australian Adults. It has been validated against nutrient intake and DGI score is associated with demographic characteristics, anthropometry, blood pressure, lipids, diabetes, and self-assessed health status (5, 6) . The Australian Recommended Food Score was adapted from an American index (7) , with scores associated with demographic characteristics and self-assessed health status in an Australian sample (8) . For application to child populations, adaptations are necessary to address the dietary issues of children and adolescents and modify the scoring criteria in line with age-specific recommendations. However, few diet indices exist that assess adherence to dietary guidelines in child populations (9) (10) (11) (12) (13) (14) and none relate to the Australian context. Additionally, nationally representative data on dietary intakes of Australian children has been collected infrequently (i.e. 1985, 1995, and 2007) and there are no studies to our knowledge assessing diet quality at a population level in Australian children.
Aims
Our aims in this study were to develop a diet quality index for use in child and adolescent populations in Australia that measures adherence with dietary guidelines and to determine the associations between index scores and food and nutrient intake, socio-demographic characteristics, and measures of adiposity.
Methods

Development of the DGI for Children and Adolescents
The DGI for Children and Adolescents (DGI-CA) was created based on the approach taken by McNaughton et al. (5) in developing the DGI for Australian adults. The child and adolescent version of the DGI reflects the 2003 Australian Dietary Guidelines for Children and Adolescents (1), which are presented as food-based consumption patterns in the Australian Guide to Healthy Eating (AGHE) (15) .
Indicators were identified for each dietary guideline with indicator food groupings and cutoffs guided by the AGHE (Supplemental Table 1 ). The AGHE provides age-specific recommendations for children from the age of 4 y on consumption of 5 core food groups (fruit, vegetables, breads and cereals, lean meat and alternatives, and dairy foods) as well as unsaturated fats and oils, water, and extra foods. According to the AGHE, extra foods are defined as foods that are not essential to meet nutrient requirements and contain too much fat, added sugar, and salt and should be consumed "sometimes or in small amounts" (15) . Extra foods include items such as sweet biscuits; cakes; buns and muffins; desserts, including ice cream, pies, and pastries; high-fat snack items such as chips (crisps); takeaway foods such as hamburgers or hot chips; confectionery (candy); chocolate; soft drinks (soda); cordial (squash); and fruit juice drinks. Alcoholic beverages are also defined as extra foods but are not recommended for children or adolescents. The AGHE encourages the inclusion of small amounts of unsaturated fats and oils in the diet, whereas saturated fats such as cream, butter, lard, dripping, and hydrogenated vegetables oils are "to be eaten sometimes or in small amounts." Although all fluids, including tea and coffee, contribute to the guideline to drink plenty of water, tea and coffee are not recommended for children or adolescents and therefore were not included in the indicator for water.
Eleven indicators were included in the DGI-CA. One indicator reflected dietary variety, 9 indicators reflected dietary adequacy and quality, and the final indicator focused on dietary moderation (i.e. intake of extra foods). Indicator scoring was developed such that each dietary guideline had an equal weighting with 10 points allocated to the guideline or its associated food groups (1). For example, 10 points were allocated to the guideline "eat plenty of breads and cereals" based on 5 points for the servings of breads and cereals indicator (dietary adequacy) and 5 points for the proportion of bread as whole grains indicator (diet quality). Twenty points were allocated to servings of extra foods, because this reflected 2 guidelines: choose foods low in salt and moderate intake of foods containing sugar. Achievement of the maximum indicator score indicated that an individual met the intake recommendation or had an optimal intake. The total DGI-CA score was the sum of the 11 indicators converted to a score of a possible 100 (range 0-100), with a higher score reflecting greater adherence with the dietary guidelines. Cutoffs for minimum and maximum scores are shown in Supplemental Table 1 and are based on agespecific recommended food group servings per day as stated in the AGHE (15) . Intermediate scores were proportional on a continuous scale.
Validation of the DGI-CA Participants and procedure. The sample included participants of the 2007 Australian National Children's Nutrition and Physical Activity Survey who were over the age of 4 y with complete 2-d dietary intake assessment, anthropometry, and use of time data (children aged 4-16 y, n = 3416/3601, 95% of the total survey sample) (16) . The survey methodology has been described in detail elsewhere (16) . Briefly, the survey was based on stratified sampling with nonproportional samples of Australian households. The primary sampling unit was randomly selected clusters of postcodes stratified for state/territory and locality (metropolitan and rest of state, i.e. rural). Households were sampled using random digit dialing with quota sampling to ensure representation of age and gender groups within the sample. Sampling weights were developed to correct for nonproportionate sampling using Australian Bureau of Statistics data from the 2006 Census to ensure the sample was representative of the population in terms of child age, gender, household size, and region (state/territory and locality). Data collection was con- 
Measures.
Dietary intake. Children's dietary intake was assessed via two 24-h diet recalls conducted by 90 trained interviewers (36% with a tertiary degree in dietetics or nutrition) and checked by dietitians. The first recall was conducted face to face in the home and the second recall was conducted within 7-21 d by telephone. Where children were ,9 y of age, caregivers provided information on dietary intake during the recall period. A 3-pass protocol was used to collect information on all foods and beverages, including portion sizes, consumed the previous day (17) . Briefly, the first pass created a quick-list of meals, snacks, and beverages consumed, the second pass gathered details regarding brands, quantities, and cooking methods of first pass items, and the third pass was a review to prompt forgotten items and ensure completeness. To assist with portion size estimation, a food model booklet was provided with picture guides of common household measures and life-size images of plates, bowls, glasses, and amorphous dishes. At the group level, all days of the week were represented (74% weekdays and 25% weekend days).
A nutrient composition database developed specifically for the survey (AUSNUT2007) (18) was used to derive nutrient intake and food groupings. Energy density was calculated as the ratio of energy:weight of food and beverages consumed (i.e. kJ/g). Energy density was calculated for all food and beverages consumed and for food and beverage intake other than water (19) . The AUSNUT2007 database categorizes foods into 22 major food groups based on the primary food or ingredient of a food product or dish. For example, an apple is assigned to the fruit products and dishes group and lasagna is assigned to the cereal-based products and dishes, because pasta is the primary ingredient by weight. These food groupings were used to allocate foods and beverages to the DGI-CA indicators (Supplemental Table 2 ). Because the DGI-CA aimed to reflect foods as eaten, products or dishes were not separated into their component foods. For example, a meat pie was assigned to the extra foods group rather than to its components flour, meat, and gravy, and sandwiches were assigned to the bread and cereals group rather than to its components of bread and filling. However, to avoid overestimation of core food group servings, some mixed dishes where weighted so that only the primary food component was included in the serving size calculation (e.g. only 65% of the weight of sandwiches counted toward servings of bread and cereal) (Supplemental Table 1 ). Food and beverage intake was converted to servings based on the standard energy value assigned to each food group in the AGHE (15) . Here, analysis was undertaken excluding nutrients derived from supplements. Dietary data analyzed reflected the mean food, beverage, and nutrient intake over the 2 recalled days.
Anthropometry. During the home visit, physical measurements including height, weight, and waist circumference were measured according to the protocols of the International Society for the Advancement of Kinanthropometry (16) . BMI was calculated from measured weight in kilograms divided by height in meters squared. BMI and waist circumference were converted to age-and gender-adjusted Z-scores using the least mean squares method (20) (21) (22) (23) . Given the lack of Australian data, calculations were based on British reference data provided as a computer program (24) .
Socio-demographic variables. During the home visit, an intervieweradministered questionnaire was used to collect socio-demographic details. Information was reported by the primary caregiver, who for over 90% of participants was the child's mother or female caregiver. Socio-demographic information included total household income (6 categories, with those reporting "don't know" or "refused" assigned as missing); highest household education (7 categories spanning < Year 10 education to postgraduate diploma or higher); mother's education (7 categories spanning no qualification to postgraduate diploma or higher), age, culture (language other than English spoken at home), and relationship status (single or coupleparent family); number of children living in the home, hours of employment of mother and father, and food security (categorical response yes/no to question "In the past 12 mo have you always had sufficient money to buy food?"). All socio-demographic characteristics other than food security were treated as continuous variables. Child gender and birth date were also reported. The latter was used to derive child age, and age was also categorized based on the age groupings used in the AGHE (15) .
Analysis
All analyses were undertaken accounting for complex survey design (stratified sampling with nonproportional samples) and were undertaken using SPSS 18.0 complex samples using sampling weight [child age, gender, and region (state 3 metropolitan/rest of state), strata variable (region), and cluster variable (de-identified postcode)]. For all analyses, significance was set at P , 0.05.
Sample description. The DGI-CA total score was normally distributed. We calculated mean total DGI-CA score and indicator scores, along with the percentage of children scoring full points for each indicator. Mean scores were compared between boys and girls and by age groups (4-7, 8-11, and 12-16 y) using 1-way ANOVA and chi-square for proportions. Based on these analyses, all further analyses were performed on the whole sample (girls and boys combined) and separately by age group. For simplicity, where results between the whole and age subgroup analyses were not different, results for the whole sample are presented.
Associations with food and nutrient intake. To evaluate the extent to which the DGI-CA measured the intended construct (i.e. diet quality), mean energy, nutrient intake, and food group intake (in grams) were assessed for linear trends across DGI-CA score quintiles. Quintiles were treated as a continuous variable, with Q1 indicating least consistent with the diet score indicators (poor diet quality) and Q5 most consistent with diet score indicators (best diet quality). Although food and nutrient intake distributions were (slightly) positively skewed, data are reported for analysis as raw data assuming normal distribution. Analyses were repeated using log-transformed nutrient data. Analyses were repeated using energyadjusted nutrient intake using the residual method (25, 26) and where results were different to raw data this is highlighted. Values presented are mean 6 SE.
Associations with socio-demographics and measures of adiposity. Associations between DGI-CA score and child characteristics (age, gender, energy intake, BMI Z-score), socio-economic position (household income, highest household education, mother's education), family circumstance (single-parent family, number of children, mother's and father's hours of employment, food security), and measures of adiposity [BMI Z-score, waist circumference Z-score, and weight status (within a healthy weight range and overweight/obese)] were explored using regression analyses. BMI Z-score was included as a proxy for energy balance, because physical activity data were only available for 9-16-y olds. For adiposity-related outcome variables, analyses were repeated excluding under-reporters, defined as children with an energy intake:basal metabolic rate ratio , 0.87, using a standard Physical Activity Level of 1.55 (27) . Analyses were conducted separately by age group (4-7, 8-11, and 12-16 y).
Results
The mean DGI-CA score was 53.6 6 0.4, which was similar between boys (53.2 6 0.5) and girls (54.1 6 0.4) (P = 0.10). DGI-CA scores were higher for both the 4-7-and 8-11-y-old groups compared with the 12-16-y-old group (P , 0.0001) ( Table 1) . Younger children scored significantly higher on all DGI-CA component scores with the exception of the reduced-fat dairy and healthy fats components (Table 1) . Association with energy, food, and nutrient intake. Although overall grams of food and beverages did increase across DGI-CA score quartile, a higher DGI-CA score was associated with lower energy intake and energy density ( Table 2 ). Higher DGI-CA scores were associated with higher intakes of protein, carbohydrate, fiber, calcium, iron, vitamin C, vitamin A, folate, phosphorous, magnesium, zinc, and iodine, and a higher polyunsaturated:saturated fat (P:S) ratio. Higher DGI-CA scores were also associated with lower intake of total and saturated fat, monounsaturated fat, sugars, and sodium. Analysis was repeated by age group and using transformed (log 10) nutrient intake with similar findings to the untransformed data (data not shown). Energy-adjusted dietary intake showed similar results for the majority of nutrients. Higher DGI-CA scores were associated with higher energy-adjusted intake of polyunsaturated fat; however, the association between DGI-CA score and sodium intake was no longer significant (energy-adjusted sodium intake Q1 2667 mg/d (95% CI = 2606, 2727) vs. Q5 2564 mg/d (95% CI = 250, 2622) (P = 0.051). Results were the same when under-reporters were not included in the analysis. Core food group and water intake increased and extra food intake decreased across quintile of DGI-CA score (Fig. 1) .
Associations with socio-demographic characteristics and measures of adiposity. The associations among DGI-CA score, child characteristics, and socio-demographic variables are shown in Table 3 . In the youngest age group (4-to 7-y olds), DGI-CA score was positively associated with household education level, whereas for the 12-to 16-y olds, DGI-CA score was positively associated with household income. For the 8-to 11-y olds, DGI-CA was positively associated with both household income and primary caregiver's (90% mothers) education. For family circumstance, DGI-CA score was negatively associated with food security and single-parent household as well as primary and other caregiver hours of employment in 12-to 16-y olds ( Table 4 ). In the 4-to 7-y-old group, DGI-CA score was negatively associated with number of children in the household and primary caregiver hours of employment. No significant associations were identified for the 8-to 11-y-old group.
For the sample as a whole, child age was negatively associated with DGI-CA score (b = 3 Quintiles of DGI-CA total score are indicated by Q1 (lowest score) to Q5 (highest score). 4 Complex samples general linear model. P-linear trend (polynomial contrasts) adjusted for age (years). 5 Not including water as beverage (19) .
0.0001) and household income was positively associated with DGI-CA score (b = 0.70, 95% CI = 0.37-1.04; P , 0.0001).
Family circumstance was also associated with DGI-CA score. After adjustment for child and socio-demographic characteristics, single-parent families, the number of children in the household, as well as parental hours of employment was negatively associated with DGI-CA score (data not shown). Mother's education level was positively associated with DGI-CA score, but this was not significant after adjustment for household income level (b = 0.44; 95% CI = 20.04-0.92; P = 0.07). Finally, children whose parents reported not always having sufficient money to buy food in the last 12 mo had DGI-CA scores 6.1 points lower (95% CI = 8.9-3.3; P , 0.0001) than children whose parents always had sufficient money to buy food. This association remained significant after adjustment for the primary caregiver's (90% mothers) education level, yearly household income, and household education (b = 24.4; 95% CI = 27.3 to 21.6; P = 0.003).
In the 8-to 11-y-old group, DGI-CA scores were not associated with BMI or waist circumference Z-scores ( Table 5) . Weak positive associations were observed between DGI-CA score and BMI or waist circumference Z-scores for the 4-to 10-and 12-to 16-y-old groups (Table 5 ). In the 4-to 7-y-old group the beta coefficients for BMI Z-score was 0.005 (95% CI = 0.000-0.009; P = 0.036), equating to an increase in BMI Z-score of 0.05 for every 10-point increase in the DGI-CA score. For example, a 10-point increase in DGI-CA would represent an increase in vegetable intake of 3 servings/d in this age group. By quintile of DGI-CA score, the risk of being overweight/obese did not differ (Q5 vs. Q1 OR = 0.97; 95% CI = 0.76, 1.24; P = 0.82).
Discussion
The DGI-CA has been developed as a tool for evaluating children's adherence to Australian dietary guidelines (1). We explored the validity of the DGI-CA by comparing nutrient intake across quintiles of DGI-CA score and assessing whether the index score was associated with known predictors of dietary intake (28, 29) . The DGI-CA showed variation across age, energy and nutrient intake, socio-economic position, and family circumstance in expected directions. Higher DGI-CA scores reflected a dietary intake that was nutrient-rather than energy-dense, including higher intakes of nutrients considered limiting in the diets of Australian children such as folate, calcium, iron, and zinc (30) . Higher DGI-CA scores also reflected a lower intake of saturated fat, added sugars, and sodium. Although higher nutrient density and lower energy density was observed across increasing quintile score, associations with measures of adiposity were less clear. DGI-CA scores were not associated with measures of adiposity in 8-to 11-y olds, whereas weak positive associations were observed in the 4-to 7-and 12-to 16-y age groups. This study adds to the limited body of international literature describing the diet quality of children and adolescents using an index with established validity. It is also the first study to our knowledge to describe whole-of-diet quality using an index in a representative sample of Australian children and adolescents.
Linear associations by quintile of DGI-CA score were observed in the expected direction for all nutrients for which data were available. A higher DGI-CA score was associated with higher intakes of fiber, calcium, iron, zinc, and vitamin A, whereas fat, added sugars, and salt intakes were inversely associated with DGI-CA score. These are all key nutrients of public health interest. For fat intake, the largest differential across quintiles was for saturated fat. The capacity of the DGI-CA to discriminate fat quality was also reflected in a positive association with the P:S ratio. Children with the highest DGI-CA score had the lowest energy intake and density. The positive association with indicators of a nutrient-rich diet but inverse association with energy intake and density indicate that higher DGI-CA scores were reflective of a food pattern that 
TABLE 3
Regression analyses of DGI-CA score and child and socio-demographic characteristics by age group [1] [2] [3] 4-to 7-y olds, n = 859 8-to 11-y olds, n = 846 12-to 16-y olds, n = 1372 was nutrient dense but not energy dense. In the current public health nutrition context where excess energy intake and nutrient inadequacy occur concurrently, the ability to assess nutrient adequacy independent of energy or total food intake is an advantage. This is a strength of the DGI-CA and is consistent with recent findings using an index assessing preschoolers' adherence to dietary guidelines in Belgium (9) . These recent examples focusing on adherence to food-based dietary guidelines are in contrast with other child-specific indices where nutrient adequacy is coupled with higher energy intake, i.e. index scores, energy intake, and nutrient intake are all positively associated (11) . The mean total DGI-CA score (53.6 6 0.4 of a possible total score of 100) in this representative sample of Australian children indicates that compliance with dietary guidelines is generally poor. Although this may in part reflect the index constructs and scoring criteria, the apparent poor diet quality is consistent with data for single nutrients or foods. For example, in Australia and other similar countries, children's fruit and vegetable intakes are consistently low, intake of energy-dense and nutrient-poor foods are generally high, and nutrients such as calcium, folate, and iron remain at risk despite a plentiful food supply (30) (31) (32) (33) . Not to distract from the relatively low DGI-CA scores in the youngest age group (4-to 8-y olds), diet quality also appeared to decline across childhood. For each year from age 4 to 16 y, DGI-CA scores reduced by ;1.3 points after adjustment for other child and demographic variables. There was a difference in average scores of over 10 points between the 4-to 8-and 12-to 16-y age groups. Although prospective studies are needed to confirm whether diet quality decreases with age, the results presented here are consistent with previous work showing a reduction in diet quality across age groups (31) .
DGI-CA scores were associated with measures of socioeconomic position and family circumstance, consistent with existing literature (34) . Interestingly, the associations differed by age group. For young children, DGI-CA score was inversely associated with increasing number of children in the household and mothers' hours of employment. This is compared with older children where DGI-CA score was inversely associated with single-parent families, increasing hours of employment of mothers and fathers, and food insecurity. Childhood involves the transition from complete dependence on parents as food providers to increasing autonomy and external influences on food choice into adolescence. This changing dynamic is also likely to coincide with changes in parents' work-life balance arrangements, including their role around food provision. Therefore, it may not be surprising that family circumstance influences children's diet quality in different ways, depending on the child's stage of development. However, prospective studies are needed to further explore these differences and underlying mechanisms.
In addition to traditional measures of socio-economic position such as maternal education and household income, an inverse association between DGI-CA score and a validated measure of food insecurity was observed. This is in contrast to previous research where food insecurity was not associated with diet quality; however, this is likely to reflect characteristics of these studies such as homogenous, low-income population (35) and small sample size (36) . The results of the present study support work in adults (37) and show for the first time to our knowledge that food insecurity negatively affects Australian children's whole-of-diet quality.
The poor association between DGI-CA score and measures of adiposity was surprising given that higher index scores were inversely associated with energy intake and density. This finding may reflect the cross-sectional study design, reverse causality (i.e. overweight children dieting or having lower energy expenditure), systematic bias such as greater under-reporting by overweight children (38) , or the index structure where moderation of excess intake focused on high-fat, high-sugar foods without penalty for excess consumption of overall energy from foods such as cereals, 2 Data available for n = 3077/3416 children. 3 Analyses are weighted for survey design (16) . 4 Seven categories spanning , year 10 to postgraduate diploma or higher. 5 Six categories spanning ,AU$26,000 to $$124,800. A valid measure of diet quality in children 1345 meat, or dairy foods. A systematic review examining the association between whole-of-diet and adiposity in adults found that 11 of 30 studies showed no association between food patterns and BMI, with the remainder showing inconsistency with regards to the direction of the association (39) . This was also observed in the study describing the development to the adult version of the current index, where diet quality scores were inversely associated with waist:hip ratio in males but positively associated with BMI in females (5) . Controversy in this area highlights the need for prospective studies where association between diet quality and weight changes can be evaluated, preferably including measures of physical activity. This piece of work has a number of strengths and limitations. A strength of the DGI-CA is that it is based on the type and quantity of food recommended to children to address dietary issues and intake specific to this subgroup of the population. Additionally, the DGI-CA addresses multiple nutrition concepts, including variety, nutritious foods, and foods that should be consumed in moderation. Validation of the DGI-CA in a nationally representative sample is an additional strength. However, the limitations of the data set should also be considered. Although interviews were conducted on weekday and weekend days, not all seasons were captured. Additionally, use of only two 24-h diet recalls may reflect habitual dietary intake at only the group rather than individual level (40) . Additionally, the associations with measures of adiposity and socio-economic position are only cross-sectional and the comparison between index scores and nutrient intake was not undertaken with an independent measure of dietary intake.
Dietary indices are relatively new in nutrition, developed to quantify and summarize foods and/or nutrients as an overall measure of diet. However, as highlighted by Waijers et al. (4) , the construction, composition, and scoring approaches used within indices influence their usefulness and validity as a tool for assessing whole-of-diet. For instance, the DGI-CA score reflected allocation of 10 points to each dietary guideline based on the intention that they be considered as a package of recommendations with no ranking of importance (1) . Although this approach is consistent with the majority of published dietary indices, whether this is optimal remains controversial (4). How to weight the relative contribution of indicators to total scores is currently unknown with little guidance available in the literature (4). Whether upper limits should be placed on consumption of healthy foods also needs consideration and may provide one avenue to improve the DGI-CA as a useful tool to explore associations with weight status.
With increasing focus on the early origins of chronic disease such as cardiovascular disease, further research is needed that identifies the dietary patterns early in life that minimize later health risk. Studies where both diet and prospectively assess risk factors, although rare, need to be utilized to explore the association between diet quality, assessed using whole-of-diet indices, health behaviors, and risk factors for chronic disease such a blood pressure and cholesterol levels. For example, Lazarou et al. (14) in 2009 reported that the E-KINDEX, an index developed to identify children at risk of obesity, was associated with systolic but not diastolic blood pressure. In Australia, a fruit, salad, cereals, and fish pattern derived using factor analysis from a sample of 12-to 18-y olds was inversely associated with diastolic blood pressure (41); however, there have been no studies using indices in younger children. Prospective studies of early-life diet quality and health status would provide valuable insight into the role early life plays in the diet-disease relationship.
The current findings expand on previous work describing children's dietary intake by assessing adherence to a package of dietary guidelines, which is reflected in an overall score. This provides a useful reminder that, consistent with the WHO recommendations for the prevention of chronic disease (42) , multiple aspects of diet, including several beyond the current obesity focus on fruit, vegetable, and sugary drink consumption (43) , need to be targeted to support improvements in childhood diet quality. For example, for children across all age groups, interventions targeting an increase in vegetable intake, withinfood group variety, wholegrain breads and cereals, and unsaturated fats are warranted. To achieve this without an increase in energy intake, these nutrient-dense foods need to replace the energy-dense, nutrient-poor foods that considerably contribute to children's daily energy intake. When looking at the needs of different age groups, the results presented here highlight particular targets for adolescents, namely fruit and dairy intakes. This is compared to targets likely to be of benefit to younger children, e. g. promotion of reduced-fat dairy foods and healthy fats. However, the results also illustrate that whereas the dietary targets may be similar across age groups, there may be need to tailor the intervention approach based on socio-demographic factors or age groups. For example, strategies to assist parents to manage work and family responsibilities and the influence of older siblings may be particularly important for young children, whereas strategies to feed rapidly growing adolescents on a tight family budget may be more relevant to parents of older children.
In conclusion, the DGI-CA is an index reflecting an eating pattern consistent with recommendations to support growth, development, and health in children and adolescence. Preliminary validation indicates that it is a useful tool, where higher scores reflect a nutrient-rich, moderate-energy density dietary intake. The DGI-CA index provides a useful tool for studying prospectively the association between child diet quality and health outcomes as well as providing a means for identifying intervention points in terms of the personal, family, and social level factors that influence diet quality throughout childhood.
